Exacerbations are a major cause of morbidity and mortality in patients with chronic obstructive pulmonary disease (COPD) as well as having a large impact on health care utilisation (HCU). They are more frequent during periods of cold weather with a corresponding increase in hospital admissions. It has been hypothesised that COPD exacerbations and admissions can be reduced by predicting periods of cold weather coupled with patients' alerts and education. Healthy Outlook 1 service provided by the Meteorological Office, UK, was used in patients with mild-to-moderate COPD who consented to participate from three primary care practices. Outcome measures included data relating to hospital admissions for acute exacerbations as well as HCU for these patients during the intervention period A cost analysis comparing treatment cost per patient for the two periods was also conducted. A total of 157 (34% of target COPD population) patients took part in the project, with five weather alerts generated (first alert reached 150 patients; second reached 146; third reached 138 patients; fourth reached 137 patients; and the fifth reached 125 patients) during the intervention period. There was a non-statistically-significant increase in hospital admissions per patient (0.07À0.076; p ¼ 0.83). The number of general practice visits per patient dropped from 4.9 to 3.8 (p ¼ 0.001), with drop in average number of visits to patients by out-of-hours services from 0.52À0.14 (p ¼ 0.013). The average number of home consultations provided by general practice increased from 0.05 to 0.92 (p ¼ 0.001). Cost per patient increased by an average of £142 (95% CI -£128 to £412). This anticipatory care model was not associated with reduction in admissions from COPD exacerbations. Further research is required to fully understand its role in the management of patients with COPD.
Introduction
Chronic obstructive pulmonary disease (COPD) is a major cause of morbidity and mortality worldwide, 1 and COPD exacerbations have a significant effect on patients' health and long-term survival, particularly if associated with the need for hospitalisation. 2, 3 Exacerbations account for 35%À45% of the total per capita health-care cost of COPD. 4 The relationship between respiratory status in patients with chronic lung diseases and meteorological conditions has been previously described, 5 as falls in environmental temperature have been associated with increased COPD exacerbations that contribute to the high levels of cold-related morbidity from COPD. 6 Therefore, exacerbation-prevention interventions involve identifying risk factors and then implementing measures to remove them, or to reduce the patient's vulnerability to these factors. Influenza vaccination is an example of this strategy; another example is reducing the effect cold weather has on patients. 7, 8 It has been hypothesised that if we are able to predict changes in certain environmental factors including temperature, we might be able to reduce the risk of COPD exacerbations by prompting the correct action in an anticipatory care model. 9 This concept is called Health Forecasting (HF). This paper describes the effect of COPD HF on unscheduled COPD admissions and on health care utilisation (HCU) in a UK district with high COPD prevalence.
Methods
We used the Healthy Outlook 1 service provided by the UK's national weather service (Met Office, Exeter, UK) for patients with COPD. 10 The service has been developed based on a predictive model combining multiple triggers including temperature, viral load in the community, and seasonal patterns. It also includes a patient education pack that is available in multiple languages and provides practical advice and information to patients in order to reduce exacerbation risk. 10, 11 The service aims to alert patients of forecasted periods of cold weather via automated phone calls that provide interactive telephone advice and prompt patients to report symptoms early and to ensure they have enough medications. General practitioners (GPs) were informed by the Met Office before and after patients are contacted, and all enquiries by patients were dealt with by GPs. The full details of the Healthy Outlook 1 have been previously described and can be found on the Met Office's web address. [9] [10] [11] All patients on the COPD Quality Outcome Framework (QOF) registers from 3 primary care practices in Salford, UK, with mild-to-moderate airflow obstruction, as defined by the British Thoracic Society (BTS), 12 were invited through their GPs to participate. All those who consented to participate received the full information pack from the Met Office. Weather alerts were delivered to patients via interactive automated telephonic message by the Met Office. The project ran between 1 Nov 08 and 31 Mar 09.
The primary outcome was number of emergency COPD admissions to secondary care. Secondary outcomes were number of hospital bed-days, all-cause consultations provided by general practice (surgery visits and telephone advice), home visits provided by general practice, accident and emergency (A&E) presentations, home visits by the COPD early supported discharge (ESD) team, and by on-call medical services (out-of-hours services). These outcomes were measured during the project and compared (for the same patients) with the same data between 1 Nov 2007 and 31 Mar 2008 (12 months earlier). Results are expressed as means and mean differences.
A cost analysis was also conducted to compare the cost of treating these patients before and after the introduction of this service. A National Health Service (NHS) perspective was undertaken for this analysis. Resource use data as highlighted above were collected. Patients enrolled in the Healthy Outlook 1 project also incurred a one-off enrolment charge to NHS Salford of £18 paid to the Met Office. It was assumed that 50% of general practice consultations were delivered by GPs and the remaining 50% by nurses. In the absence of other available cost data, out-of-hours general practice consultations were assumed to cost the same as consultations during normal hours. For patients who were admitted to hospital due to acute exacerbation of COPD, health resource group (HRG) episode costs were applied according to the latest available NHS tariffs (2007/08) for nonelective admissions of COPD. Excess bed day costs were applied to patients who exceeded the length of stay beyond the trim point.
All resource use was valued at 2007/08 prices and obtained from available UK national sources (Table  1) . 13, 14 The results of the cost analysis were expressed in means and mean differences, with bias-corrected bootstrap analysis used to calculate 95% confidence intervals around the mean estimates. 15 Funding was provided by the Long Term Conditions commissioning team at NHS Salford as part of a clinical commissioning pilot.
Results
A total of 435 patients were invited to participate, and 157 (34%) patients consented to take part in the project. Baseline patient characteristics are summarized in Table 2 .
During the project, five weather alerts were generated by the Met Office: First alert reached 150 patients; second reached 146; third reached 138 patients; fourth reached 137 patients; and the fifth reached 125 patients.
Unscheduled hospital admissions increased from 0.070 to 0.076 (p ¼ 0.83) per patient. There was a significant drop in the mean number of visits to general practice (4.9 to 3.8; p ¼ 0.001) and the mean the number of home visits by the out-of-hours service (0.52 to 0.14; p ¼ 0.013); whilst mean number of home visits provided by general practice increased significantly (0.05 to 0.92; p ¼ 0.001). Table 3 summarises all measured HCU.
The mean cost per patient during the project period was £411 (95% CI £162 to £660) compared to £269 (95%CI £159 to £379) in the previous period, resulting in a mean cost difference of £142 (95% CI -£128 to £412) between the two periods. The bulk of this extra cost was explained by the greater number of hospital bed-days due to emergency COPD admissions experienced in the second period and the significant increase in the number of home visits provided by general practice
Discussion
The relationship between the cold weather and ill health has been known for a long time. For example, exposure to cold and winter mortality from ischeamic heart disease, cerebrovascular disease, and respiratory disease was described over 10 years ago. 16 Furthermore, COPD patients suffer from increased exacerbations and decline in their lung function during periods of cold weather, which has been linked to increased winter mortality of COPD. 6 A number of different measures of cold weather have been linked with increased COPD exacerbations and hospital admissions, such as daily mean and average weekly temperatures. However, Wind-chill had the strongest correlation accounting for 20% variation in COPD admissions with 7 days lag. 9 Therefore, COPD health forecasting developed by Met Office, UK, was based on the combined effect of seasonality, cold weather, and the predominant weather type in a given winter, together with health surveillance data. 9 Data presented to date show that this method is effective in predicting periods of increased COPD exacerbations and hospital admissions. 9, 11 The COPD Healthy Outlook 1 service uses this model to predict periods of increased COPD exacerbations and hospital admissions joined together with interactive telephone alerts associated with a model of patients education to reduce exacerbation rates and hospital admissions. 10 Our study shows that this model of health forecasting had no effect on reducing hospital admissions in patients with mild-to-moderate COPD. Importantly, when HCU was measured, introducing this model increased cost per patient. This increase was mainly due to the increase in number of home visits provided by general practice in addition to the increase in hospital bed-days, although the latter was not statistically significant. However, Healthy Outlook 1 was associated with significant reduction in the number of visits to general practice as well as the number of consultations provided by the out-of-hours services.
The reasons for this shift in consultation patterns from less surgery visits to more home visits remain unclear, but one hypothesis would be that patients became reluctant to visit primary care practices during periods of cold weather, preferring to call doctors out for home visits, although this does not entirely explain the noted reduction in visits made to patients' homes by out-of-hours services. Factors like viruses, bacteria, and pollution play an important part in the causality of COPD exacerbations. 17 The exact relationship and interaction between these factors, environmental temperatures, and the risk of COPD exacerbations remain unclear, making it rather difficult to fully predict when and which of these factors can be modifiable to reduce risk of exacerbations. Data available to date regarding the effect of reducing cold stress both indoors and outdoors on winter mortality 8 or on exacerbation prevention in COPD is limited, although epidemiologic data from the Eurowinter group suggest that reducing the effect of cold weather may reduce, or even prevent, winter mortality. 16 Confounding factors that could have influenced our findings include the cross-over design, which may not have been ideal for this type of study due to the natural deterioration that occurs in patients with COPD over time. Additionally, other unpredictable variables such as viral outbreaks or weather changes could also influence the provision of health care. This is important as weather indices within the British Isles vary considerably: winter severity one year may be very different from the next. However, selected patients had mild-to-moderate airflow limitation, which would limit the impact of deterioration over the study period. Also, temperature data collected from the nearest weather station (Bradford, UK) reveal that on average, within the intervention period (Nov 08ÀMar 09), recorded minimum temperatures were slightly higher compared to the first period (Nov 07ÀMar 08), 18 although monthly average temperature for the North West of England recorded lower figures for the intervention compared to the control period. 19 On the other hand, small viral outbreaks could have also influenced outcomes, although no significant outbreaks were recorded during either of the study periods. Therefore, it is less likely that these factors had a significant impact on the outcomes of this study; albeit, this cannot be completely ruled out. Additionally, recent studies using different methodologies have also failed to reveal any impact on hospital admissions. 20, 21 
Conclusion
The Healthy Outlook 1 service is an innovative intervention developed by the Met Office, UK, as part of an anticipatory care model for COPD exacerbations. However, its introduction in patients with mild-tomoderate airflow limitation was not associated with reduced hospital admissions but was associated with reduced visits to general practice and reduced visits by out-of-hours services. Interestingly, home visits by primary care physicians increased as well as HCU with an associated increase in the average cost per patient by £142. Further research will be required to better understand the reasons for some of the outcomes from this study, like the increase in the number of home visits provided by general practice. The interaction and impact of patients' experience (satisfaction, anxiety, control of own condition etc) on these outcomes also warrant further investigation in addition to understanding the exact role this model may have in the future prediction and management of COPD exacerbations.
